Objective: The introduction of new and potent therapies for the treatment of relapsing remitting multiple sclerosis (MS) has increased the desire for therapeutic success. There is growing doubt that the mere reduction of relapse rate, Expanded Disability Status Scale (EDSS) progression and magnetic resonance imaging (MRI) markers are exclusive and appropriate factors to monitor the new aim of 'no evidence of disease activity' (NEDA). However, there is no generally accepted definition so far. Methods: To achieve the therapeutic aim of NEDA, a panel of MS experts searched the available literature on clinical and paraclinical outcomes to propose a test battery that is sensitive to detect disease activity in an everyday clinical setting. Results: The panel proposed to include, besides relapse rate, disability progression and MRI, neuropsychological outcome measures such as cognitive status, fatigue, depression and quality of life. To standardize the examinations in an economic and schematic way, a multifactorial model [multiple sclerosis decision model (MSDM)] that includes the domains 'relapse', 'disability progression', 'MRI', and 'neuropsychology' is proposed. The scheme reflects the complexity of the disease even in the early stages when scales such as the EDSS are not able to distinguish low levels of progression.
Introduction
For more than a decade, since the introduction of the first disease-modifying treatment for multiple sclerosis (MS) in the mid 1990s, the primary goals of MS treatment were the reduction of relapse rate and attenuation of disease progression. With the development of new and highly effective MS therapeutics this treatment goal needs reevaluation, since the sole reduction of the relapse rate seems no longer considered as sufficient in daily practice. Thus, there is a need for additional outcome parameters; one example is the term 'freedom of disease activity' which was first introduced for natalizumab [Havrdova et al. 2009 ], nowadays replaced by the term 'no evidence of disease activity' (NEDA). The definition for NEDA included the parameters freedom of relapse, Expanded Disability Status Scale (EDSS) worsening, lack of new/enlarging T2 lesions on magnetic resonance imaging (MRI), and lack of gadolineum (Gd)-enhancing lesions on MRI. This definition has lately been criticized since this definition is very much driven by MRI parameters, whereas the clinical scale appears rather crude and oversimplified [Bevan and Cree, 2014] .
The aim to silence the disease completely is appealing and in case of insufficiency of a primary treatment a switch to a more effective drug should be considered early in the disease course in order to prevent long-term disability . However, there is no clear definition of treatment failure and no standardized method of how to follow patients with MS in order to detect clinical worsening and disease activity in everyday practice. Although the crude definition of NEDA including relapse, EDSS, and MRI parameter represents a good starting point, this does not completely reflect the need in clinical practice. In particular, in the low EDSS ranges, slight clinical worsening and neuropsychological aspects are not taken into consideration [Gold et al. 2012] .
A panel of MS experts formulated general considerations on parameters that may lead to a switch in the disease-modifying MS treatment in order to achieve the 'best possible NEDA' (Table 1) [Gold et al. 2012 ]. However, these criteria require clarification. Neuropsychological aspects as well as individual working ability and quality of life should also be included. A switch should be performed 'in due time' in any case, particularly in order to extend the time in the lower EDSS range (up to 3), since progression may be more difficult to stop thereafter [Leray et al. 2010] . The request to detect even slight disease progression implies that follow-up examinations include all relevant factors, are as standardized as possible, and are time economic.
To work out specifications for NEDA the expert group developed an integrated evaluation and defined cut-off scores for considering a change in treatment. Previously suggested models like the one proposed by the Canadian working group [Freedman et al. 2004 were considered and neuropsychological parameters as well as patient-related outcomes were included. Finally, an integrated model [multiple sclerosis decision model (MSDM)], including domains such as relapses, disease progression, neuropsychology, and MRI, has been developed proposing practicable clinical instruments and tests allocated to each of these domains. At the end, point values are given for each individual item within the four domains. The sum results in a traffic light classification with three categories: green (no change detectable), yellow (slight change; check up at short notice) and red (severe change; consider treatment modification) for the individual domain. The joint interpretation of the results in the different domains leads to full categorization. Gold et al. [2012] ).
Relapse activity
The occurrence of one of the following events during therapy should in most cases result in a therapeutic change: ⩾ 1 relapse with incomplete remission ⩾ 1 severe relapse with necessity of escalating acute therapy [ultra high steroid treatment (i.e. 2 g/day for 5 days) or plasma exchange] ⩾ 2 clinically objectified relapses without residual symptoms in 1 year whenever possible, with evidence of a correspondingly localized lesion in the MRI Disability progression Depending on the individual patient situation, even slight impairments represent a significant impairment in the working ability and quality of life The EDSS value should categorically be kept under 3 for as long as possible However, the EDSS is not sensitive enough particularly in its lower ranges Fatigue and cognitive parameters are not considered enough in the EDSS
MRI parameters
The decision on treatment change should not be based solely on MRI findings The detection of multiple new or enlarged T2 lesions or gadolineum-enhancing inflammatory lesions can, however, serve as an additional criterion EDSS, Expanded Disability Status Scale; MRI, magnetic resonance imaging; MS, multiple sclerosis; NEDA, no evidence of disease activity.
Components of the multifactorial model

Relapses
Rationale. Studies on the natural progression of MS demonstrate that, in particular, relapses in the first 2 years of the disease and the time between the first and second relapse are predictive of developing disability and reach an EDSS of 6.0 [Scalfari et al. 2010; Weinshenker et al. 1989 ]. Other studies revealed that relapses in the first 5 years were predictive of acquiring disability and transition to a secondary progressive course [Tremlett et al. 2009 ]. These studies also illustrate that relapse activity becomes less important for disease progression with longer disease duration.
Although relapses seem to play a minor role in the accumulation of disability, in about half of all MS relapses the symptoms do not completely resolve and leave behind a progression in disability [Hirst et al. 2008; Lublin et al. 2003 ]. The EDSS rose persistently by at least one point in up to one-third of patients after a relapse. This suggests that relapses should be avoided even though the progression of disability is less affected particularly in later disease stages. This is supported by a pooled analysis of clinical trials with immunomodulatory drugs in MS in which there is a significant correlation between the effects of the treatment on the reduction of relapse rate and the reduction of EDSS progression [Sormani et al. 2011 ].
In summary, the available data show a correlation of relapses in the first years of the disease and later disease progression. They should also be avoided to reduce residual accumulation of disability.
Implementation and assessment of relapses. Each relapse is included in the evaluation and is assigned three MSDM points (Table 2 ). In addition, each relapse should be weighted according to the severity of the relapse and the individual situation of the patient.
Functionally relevant relapses (with regard to vocational status, sports, personal situation) are assigned an additional point. Relapses that do not recover completely and lead to a persistent residual symptom after 3 to 6 months are assigned an additional two MSDM points. Relapse evaluation should be documented and measured with the tests suggested to monitor disease progression [in particular, timed 25-foot walk (T25FW), 9-hole peg test (9HPT), low contrast Sloan letter chart (LCSLC), and the symbol digit modalities test). In any case, reevaluation after a relapse is recommended in order to document complete or incomplete recovery.
Another criterion is the interval between the start or the last switch in treatment and the occurrence of a relapse. A short relapse-free interval should be evaluated as evidence of insufficient therapeutic efficacy. Relapses that occur more than 3 months and less than 6 months after change in the therapeutic status are weighted with two additional MSDM points, relapses after 6 and 12 months with one additional MSDM point. This weighting is not scientifically proven, but there was a consensus in the work group that earlier occurrence of a relapse after initiation or change in the treatment suggests insufficient efficacy of the therapeutic drug. Relapses that occurred very early (<3 months) after a change in the therapeutic status are not evaluated with additional points, since latency until the onset of full efficacy of the started treatment must be expected.
A relapse with evidence of one or multiple Gd-enhancing lesions on MRI should be weighted stronger than relapses without evidence of a barrier disorder. For this reason, a MRI with Gd should ideally be performed with each clinical relapse and before the start of steroid treatment in order to have a further component for the decision on treatment optimization.
Interpretation of MSDM score. Zero MSDM points are interpreted as green, one to four points as yellow and at least five points as red in the domain relapses ( Table 2) .
Progression of disability
Rationale. Disability progression has a dominating influence on the long-term outcome and is a dominating factor that influences the quality of life and activities of daily living of patients with MS. Recent studies demonstrated that there are two phases of the disease with an extremely variable time to reach mild disability of an EDSS of 3 and a uniform progression of disability to an EDSS of 6 within 5 years [Leray et al. 2010 ]. Other studies have suggested a similar disease development [Confavreux et al. 2000 ]. These results support the hypothesis of a therapeutic time window in which our currently available immunomodulatory treatments may be most effective in the early disease phase before an We therefore propose the MSFC with some modifications as a primary instrument to evaluate disease progression.
As an alternative to the T25FW, the 6 min walk test can be considered in patients with low impairment of their walking ability since it uncovers more sensitively very mild functional changes, for example, loss of endurance [Goldman et al. 2010] . However, this test requires certain local, spatial, and personnelrelated conditions at the respective MS center which may limit its general use.
The use of the PASAT-3 proved to be unsatisfactory in practical application, if nothing else due to significant learning effects during repetition of the test and a growing discontent of patients to perform the test. It has been suggested that the PASAT be replaced with the symbol digit modalities test (SDMT), which is more sensitive, much easier and faster to apply [Drake et al. 2010; Ontaneda et al. 2012] and well tolerated by patients. We therefore propose to replace the PASAT-3 by the SDMT as an easy and economic test to evaluate cognitive functions.
Since impairment of vision due to optic neuritis may cause severe disability, we propose to expand the MSFC by a test for the visual system. An adequate and easy to perform visual test is the LCSLC [Balcer and Frohman, 2010; Ontaneda et al. 2012] . Since the sensitivity and correlation in the lower contrast correlates better with a subsequent increase in EDSS, we suggest using only the 1.25% contrast chart for the sake of time. As visual worsening of one eye due to optic neuritis may be compensated by the other eye, both eyes should be tested separately. (Table 2) . A worsening of at least 40% (or at least eight points in the SDMT) is assigned two MSDM points.
Interpretation of MSDM score. Zero MSDM points is interpreted as green, one point as yellow, and at least two points as red in the domain disease progression. This means that treatment optimization should be considered when there is deterioration in two functional tests or severe deterioration in one test (Table 2) .
Neuropsychological parameter and patient related outcomes
Rationale. In addition to the more physically oriented parameters relapse and progression of disability, neuropsychological aspects such as cognition, fatigue, and depression play an important role in the quality of life of patients with MS. Neuropsychological outcome measures should be obtained by applying fast self-evaluation scales and short screening tests to guarantee the feasibility of testing during clinical routine.
As a feasible test to screen for the cognitive status, the SDMT has already been proposed as part of the MSFC (see above).
Based on the pronounced effect on motor and cognitive functions and the significant consequences for quality of life, fatigue is additionally included in the MSDM as a neuropsychological parameter. In a prospective, population-based examination by Debouverie and colleagues, the extent of physical fatigue at baseline correlated with the increase in the degree of impairment after 3 years [Debouverie et al. 2008 ].
The Multiple Sclerosis Impact Scale (MSIS-29) has been chosen as a tool to quantify the subjective MS-specific quality of life. The results of this test are not directly implemented in the point model of the MSDM. However, relevant worsening is considered a warning sign and possible confirmation of deterioration of other MSDM measures.
Implementation and assessment of neuropsychological parameter. The Fatigue Scale for Motor and Cognitive Functions (FSMC) [Penner et al. 2009 ] records the MS-associated motor and cognitive fatigue by means of 20 items and represents a validated instrument for patients with MS. Its use is recommended internationally due to its good psychometric characteristics [Elbers et al. 2012 ]. Worsening of the FSMC by one category (e.g. from mild to moderate or moderate to severe) is assigned one point (Table 2) . Worsening by two categories leads to two points and worsening by three categories to three points.
Clinically relevant depression or anxiety can negatively affect the symptoms of fatigue. Therefore, these two parameters are additionally determined for adjustment by using the Hospital Anxiety and Depression Scale (HADS) [Herrmann-Lingen et al. 1995] . Seven items serve for the quantification of anxiety and seven items for the characterization of depression. If anxiety and depression are present, then one point for each category is subtracted from the fatigue score. Interpretation of MSDM score. In the domain neuropsychology/self-reported outcomes, zero points is valued as green, one to two points as yellow, and three points as red (Table 2) .
Magnetic resonance imaging
Rationale. MRI measures provide a greater sensitivity than relapses for MS-related disease activity [Barkhof et al. 1992] . A connection between MS activity detectable by MRI and progression of impairment was described in multiple studies [Brex et al. 2002; Weiner et al. 2000 ]. Furthermore, patients who had converted into secondary progression 20 years after the primary clinical manifestation showed a significantly stronger increase in their T2 lesion load in the first 5 years of the illness compared with patients whose disease remained relapsing remitting over this time [Fisniku et al. 2008 ].
Progression of the lesion load in the first year of an immunomodulatory therapy correlates with earlier progression of impairment. The probability of progression rose significantly by at least one EDSS point within the follow-up monitoring period of 4.8 years with the number of new T2 lesions after 1 year of therapy [Prosperini et al. 2009 ], namely from 5% (no new lesion) to 83% (at least three new lesions). Rudick and colleagues found a significant correlation between the occurrence of more than two new T2 lesions during treatment with interferon β (IFNβ) and progression of impairment over the course of 2 years [Rudick et al. 2004] . Similarly, Rio and colleagues reported a higher risk of therapeutic failure during IFNβ treatment in patients who developed more than two active lesions (new or enlarging T2 lesions and new Gd-enhancing lesions) in the first year of therapy [Rio et al. 2008 ]. Pozzilli and colleagues observed a (s)lower EDSS progression over the course of 4 years in patients being treated with interferon β with absence of Gd-enhancing lesions as well as active T2 lesions in the first year [Pozzilli et al. 2005 ]. In line with this, two meta-analyses of different randomized MS trials have shown that the effect of a treatment on relapses in patients with relapsing remitting MS could be accurately predicted by the effect of the therapy on MRI active lesions [Sormani et al. 2009; Sormani and Bruzzi, 2013] .
Taken together these observations provide a good rationale to include new or newly enlarging T2 lesions and Gd-enhancing lesions as indicators of progression-relevant disease activity. Although other MRI parameters such as hypointense T1 lesions on unenhanced T1-weighted images ('black holes') or cerebral atrophy are well described to correlate better with disability progression, scoring of such measures in a clinical setting is more challenging. Therefore the authors think that, currently, cerebral atrophy and persisting hypointense T1 lesions are less suitable for evaluating the progression in routine care. However, with technical advances in MRI this may be reconsidered in the future.
Implementation and assessment of MRI. In contrast to the clinical components of the MSDM (relapses, progression of disability, neuropsychology), disease activity detected by MRI by itself it not a sufficient criterion for the recommendation to change therapy. It must always be viewed and interpreted in combination with the clinical components. The suggested examination interval is 6 month (or at least 12 months) [Rio et al. 2009 ]. As mentioned above, an MRI should be performed with each relapse within the scope of a therapeutic decision to confirm a morphological correlate (Gd-enhancing lesion).
To ensure the best possible comparison of sequential MRI follow up and assessment of disease progression based on MRI parameters, a standardized protocol with uniform parameters [particularly in regard to field strength (1.5 versus 3 Tesla scanners), slice thickness, and reproducible slice orientation) should be ascertained [Lovblad et al. 2010; Sailer et al. 2008; Simon et al. 2006 ]. Pharmacodynamic aspects of the different therapies should also be taken into consideration in the initial phase of the treatment: IFNβ preparations reduce the bloodbrain barrier disruption as detected on Gd enhancement faster than glatiramer acetate [Yong, 2002] . As such, for certain therapies the MRI scan to use as a reference scan to assess MRI activity could be obtained within a run-in interval of 3-6 months after treatment initiation to overcome the uncertainty of whether or not MRI activity developed before the drug became effective [Sormani and De Stefano, 2013; .
Each Gd-enhancing lesion is interpreted as evidence of inflammatory disease activity and assigned one MSDM point. The same goes for each new or newly enlarging T2 lesion since the last examination (for the latter, an increase in diameter by at least 100% or increase in size on at least two subsequent slices should be visible for lesions > 5 mm; both criteria are required for lesions < 5 mm in diameter) [Molyneux et al. 1999] . et al. 2009 ]. However, ongoing MRI activity (e.g. two consecutive MRI scans with at least three points within 3-6 months of the preceding MRI) may be interpreted as two yellow and optimization of treatment may be considered.
Integration of the domains and overall interpretation
The four individual domains are interpreted by an integrated result (Table 3 ). If the results of all domains are categorized as green, it is recommended that therapy be continued and follow-up examinations performed at intervals of 6 months. If one domain is categorized as yellow, this should be interpreted as a warning sign: the interval to the next follow-up examination is shortened to 3 months. If two or more domains are categorized as yellow or at least one domain as red, optimization of the treatment should be considered.
Discussion
Several studies on the natural history of MS have suggested that the disease may be divided into two phases. The first phase is rather inflammatory driven and has a variable time until mild disability is reached (EDSS 3) while the second phase is more driven by degeneration with a uniform time course of several years until severe disability (EDSS 6) is reached [Leray et al. 2010 ]. This suggests that the window of opportunity to influence disease progression by therapy may be best during the first phase. Studies on the predictive value of the relapse rate on future disability support this concept since only the relapse rate in the first years of the disease correlates with future disability while relapses in later stages have no influence [Confavreux et al. 2000; Scalfari et al. 2010; Tremlett et al. 2009 ]. It is therefore of great importance to detect disease activity early in the disease course to reach the new treatment goal 'NEDA'. However, the EDSS score that has been applied as a measure for disability in the past is known to be rather crude in patients with low disability (in the first phase of the disease) and is very much driven by walking disability, while factors like neuropsychology are underrepresented.
Thus, new outcome disability measures need to be defined [Cohen et al. 2012] . The primary goal of the development of the MSDM was to propose a tool for a standardized examination that better reflects the many clinical faces of MS. Such a tool should detect clinical changes even during the early stages of the disease when disability is minimal. Furthermore, the tests should be practicable to be performed in everyday practice. The suggested tests can be performed within approximately 20 min, of which 13 min are required for instructions and analysis by assisting staff.
Why is such a rigorous follow-up examination of patients with MS necessary? As mentioned previously, therapeutic options are increasing and the new treatment goal should be NEDA. Nevertheless, this requires early detection of disease activity as there may be only a short therapeutic time window to achieve this goal. And this is probably also true for treatment escalation/optimization that should be implemented when relevant disease activity is observed. We suggest a treatment period of 6 months to reevaluate the treatment decision by assessing treatment success or failure. Such a rigorous short-term treatment optimization (after 3-6 months) has already been implemented successfully in other chronic autoimmune diseases like rheumatoid arthritis [Albrecht et al. 2014 ]. However, in rheumatoid arthritis the disease activity and the target to treat swollen joints and pain are easier to assess than the clinical activity in patients with MS. The MSDM is suggested as a tool to detect this activity in time.
The MSDM is proposed to be a compromise of good sensitivity considering the complexity of the various neurological functional systems and the practicability in routine practice. Other scores have been suggested in the past [Grand'Maison et al. 2013; ] and some items are quite similar to the MSDM. However, the main difference is that we have omitted the EDSS and implemented a modified MSFC (PASAT supplemented by the SDMT and introduction of the LCSLC). Furthermore we have added the domain 'neuropsychology' since this aspect of the disease is regarded by many neurologists to be increasingly important, including fatigue, depression, quality of life, and employment status [Julian et al. 2008] . Neuropsychological examinations in particular can be time consuming and the MSDM is intended to provide a practicable set of tests for follow-up examinations.
Most of the domains proposed here are simple clinical tests that are independent of complicated technical resources. However, we acknowledge that timely and relatively frequent MRI investigations are not possible in every setting and depend on financial resources and the healthcare system. Nevertheless, the remaining domains, including relapse, disability progression, and neuropsychology, can even be assessed independently of the MRI. In this case, the model should be applied in a similar manner.
The practicability of the MSDM for the evaluation of progression in patients with MS must still be evaluated on a wide basis during everyday practice. Furthermore, prospective examinations are necessary to ascertain whether early detection of disease progression with these criteria, and fast optimization/change in treatment will indeed lead to NEDA and better long-term outcome. This is required in order to implement this aim in clinical trials as with regulatory agencies. We are convinced that the simple structure with four domains and the manageable conduction of the examinations in an everyday clinical setting might be useful in the treatment of patients with MS. report fatigue questionnaires in multiple sclerosis, Parkinson's disease and stroke: a systematic review of measurement properties. Qual Life Res 21: 925-944.
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